The synthesis of metallo-phthalocyanines complexes (M = Co, Ni, Cu, Zn) containing azo dye were described in this study. The metallophthalocyanines have been supported by elemental analysis, UV-visible, FT-IR and NMR. The aggregation of phthalocyanine compounds was investigated in different solvents and concentrations. The newly synthesized metallophthalocyanines possess modest antibacterial activity against various Gram-positive and Gram-negative bacteria. Moreover, these complexes have been tested as antioxidant and presented remarkable activities by two different in vitro chemical assays. They were able to reduce DPPH % radical with IC50 values ranging from 3.8 to 7.5 µmol L -1 and some of them also reduced ABTS % radical cation.
INTRODUCTION
Phthalocyanines belong to an immense class of π-conjugated metallomacrocycles, which are of great interest due to their diverse important applications in modern science and technology [1, 2] . Phthalocyanines have an original electronic structure based on 18-π delocalization, resulting in near-infrared absorption around 700 nm [3] [4] [5] . Subsequent electronic, photophysical and photochemical properties are responsible for many applications [6] . Phthalocyanines are broadly employed as sensors [7] [8] [9] , oxidation catalysts [10] [11] [12] and photocatalysis [13] as well as for their nonlinear properties [14] [15] [16] . Their use as photosensitizers of second and third-generation for photodynamic therapy [17] remains a major one. Their applications depend on their solubility. By introducing electron-withdrawing such as halogen atoms (-F, -Cl, -Br) and electron-donating (-NH2, Ar-S-, RO-, RS-) bulky or long-chain alkyl groups into the peripheral sites on phthalocyanines skeleton, their solubility can be increased [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] .
Unfortunately, phthalocyanines don't usually soluble in common organic solvents and their insolubility causes difficulties for many applications [32] . When plausible functional Preparation of New Biologically Active and Water Soluble Dyes: Characterization, Aggregation and Extraction of Metal Ions from Solutions groups such as crown ethers, alkyl, alkoxy, alkylthio, tertiary butyl groups and amide groups bound in the peripheral benzene rings of phthalocyanines structure, solubility of phthalocyanines can exceedingly improve in protic or non-protic solvents [33, 34] . Water-soluble phthalocyanines can be used in PDT and catalysis. Catalysis of reactions in aqueous media is currently becoming of major interest. Hence, when designing a phthalocyanines on demand for a specific application, or to get a precisely targeted property, its water-solubility may be a requirement [35] [36] [37] [38] [39] .
Herein in this study, the synthesis, characterization and spectroscopic properties of tetrasubstituted metal complexes (8) (9) (10) (11) at the peripheral position with 4-[(4-hydoxyphenyl)azo]-benzene sodium sulfonate group were described. Their Q bands were appeared at around 613-689 nm. In addition their antimicrobial and antioxidant activities were also investigated.
EXPERIMENTAL
The synthesis of all the compounds and their antimicrobial activities were done according to the reported procedures [40] .
5-Nitro-isoindole-1. 
RESULTS AND DISCUSSION
The first step in the synthetic process of these complexes (M = Co, Ni, Cu, Zn) was to obtain phthalonitrile ( supporting the proposed structure. In the 13 C NMR spectrum of compound 6, aromatic carbon atoms were observed at the range of 117.3-161.8 ppm whereas carbon atom CN was observed at 160.1 ppm.
The self-heating of dinitrile 6 in the presence of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) for 24 h at 150 ºC under N2 atmosphere gave compound 7 (Scheme-IV). The metal free compound 7 were characterized by spectroscopic methods such as FT-IR, 1 H NMR and UV-visible techniques. The disappearance of C≡N stretching vibrational band at 2225 cm -1 confirmed the proposed structure 7. In addition, C-O-C stretching vibration was observed at 1207 cm -1 . The aromatic protons appeared between 8.35 and 8.45 ppm. In addition, they were broader because their higher numbers and aggregation [35] . Several researchers [36] [37] [38] [39] 41 ] generally used substituted phthalonitriles or 1,3-diimino-1H-isoindoles as starting materials for synthesis of phthalocyanines.
The reflux reaction of dinitrile 6 with metal chloride salts under N2 atmosphere in dimethylaminoethanol (DMAE) for 24 h gave metallophthalocyanines 8-11 (Scheme-V). 1 H NMR and 13 C NMR spectra of the complexes (M = Cu, Co) because of paramagnetic metal atom. In FT-IR spectra, the major strong -CN band at 2227 cm -1 of compound 6 disappeared after conversion to metallophthalocyanines (8) (9) (10) (11) . A very weak band in all metallophthalocyanines above 3000 cm -1 is due to aromatic C-H stretching. The UV-visible absorption spectra of metallophthalocyanines 8-11 (M = Co, Ni, Cu, Zn) in DMSO were observed in the intense Q absorption at 688, 678, 675 and 686 nm, respectively. In addition, intense B band absorptions were observed at 340 nm for compound 8, 328 nm for compound 9, 325 for compound 10 and 340 nm for compound 11 in DMSO (Table-1 ).
The aggregation behaviours of water-soluble phthalocyanines containing azo dye 8-11 were investigated in DMSO. The metallophthalocyanines 8-11 did not show any aggregation in DMSO. The aggregation behaviours of metallophthalocyanines 8-11 in DMSO were also investigated at different concentrations for determination of the aggregation depending on concentration [42] [43] [44] [45] [46] [47] [48] [49] (Fig. 1 ). These metallophthalocyanines 8-11 did not show any aggregation in the concentration ranges between 1 × 10 −6 M and 6 × 10 −6 M. The intensity of absorption of Q band also increased in parallel and no new bands (normally blue-shifted), which might be attributed to aggregated species were observed.
Antibacterial activity: The water-soluble metallophthalocyanines containing azo dyes 8-11 were evaluated for their antimicrobial activities as indicated in previous studies [50] . The antimicrobials results are presented in Table- 2. The inhibition zones of these compounds were ranged between 14-25 mm with different patterns. Also, the active compounds were analyzed in order to determine the lowest concentration (MIC) capable of inhibiting visible bacterial growth. The MIC values revealed that complex 11 had promising antimicrobial profile against LB14110.
Free radical scavenging activity: The in vitro antioxidant activities of complexes 8-11 were evaluated in a series of assays involving DPPH scavenging [51] . It was found that water-soluble metallophthalocyanines containing azo dye 8-11 possess higher activity than Trolox with EC50 value of 4.8, 5, 3.8 and 4.2 µmol L -1
, respectively (Table-3) . ABTS radical cation decolorization assay: The potential of complexes 8-11 to scavenge free radicals was also assessed by their ability to quench ABTS +• [52] . Fig. 2 depicted the concentration dependent decolorization of ABTS +• while the EC50 values exhibited by water-soluble metallophthalocyanines containing azo dye 8-11 are summarized in Table-3 .
Henceforth, the water-soluble metallophthalocyanines containing azo dye 8-11 were shown to be efficient to fix free radicals DPPH and ABTS 
Conclusion
The synthesis and in vitro antimicrobial and antioxidant activities of metallophthalocyanines 8-11 (M = Co, Ni, Cu, Zn) are described. Among these metallophthalocyanines, complexes 8 and 10 showed promising antimicrobial profiles with MIC values in the range of 0.72 to 0.78 g L -1 . Moreover, the antioxidant activity determination of these metallophthalocyanines 8-11 possess DPPH antiradical activity.
